Abstract-Enormous amount of genomic and proteomic data is available to us in the public domain and there is need for faster and more sensitive algorithms for genomic study in view of this rapidly increasing amounts of genomic sequences. Basically genomic data falls under the category of 'Big Data' and thus processing these large data has become a difficult task. In this regard, people working in the area of data mining and pattern recognition have realized the importance of 'Machine Learning' techniques in analyzing such big data. In this context, this paper proposes a novel technique of 'Spectral characterization of genomic sequences' for DNA analysis purpose.
I. INTRODUCTION
Genome data is now treated as 'Big Data'. Parallel Programming would then be the most important tool to calculate and compute like a supercomputer and yet, be economical. The power spectrum of a sequence is a transformation of that sequence of variables in the frequency space. It has a significant advantage that periodic patterns in the sequence -hidden or latent -become evident after transformation. That is, hidden periodic information are shown as peaks in the spectrum. Periodicity of DNA sequences have already been examined using various methods like autocorrelation and auto convolution. Various discrete transforms haven tried on genomic sequences like Discrete Fourier transform, Wavelet Transform and their power spectra examined. One such transform is Rajan Transform which unlike other transform exhibits homomorphism property in addition to being an isomorphic map. Homomorphism means classification or pattern recognition. A case study was made on a genome sequence of Brucella Suis 1330. This sequence was obtained from NCBI. Discrete Fourier Transform based power spectrum of the adjoint sequences were obtained and the spectral data analyzed for extracting hidden information pertaining to various codons. Rajan Transform based power spectrum of the adjoint sequences were also obtained and examined for codon information. Results were compared and analytical reports presented in this paper.
II. POWER SPECTRA OF GENOME STRANDS
A genome strand has to be converted into a number sequence so that signal processing methods could be applied to it for analysis of genomic data and extraction of features of chromosome that would be difficult to obtain using standard statistical methods. The question that arises at this juncture is whether spectral analyses useful for DNA sequence analysis. The answer is affirmative. Spectral analysis plays an important role in detecting latent periodicities and in distinguishing them from other tandem repeats. Usually latent periodicities indicate biological meanings. One can filter a genome sequence based on single nucleotide, base type, dinucleotides, to name a few, and can enhance the interpretation of signal. Spectral analysis could also be used to characterize large-scale fluctuations of base compositions and thus one can analyze genome-wide patterns. Let X[n]: 0<n<N-1 denote DNA of length N. X[l] represents a sequence residue. A DNA sequence may be thought of as the one comprising m different residues, which come from an alphabet set A m = {r; r =1, 2,.., m}. Typical alphabet examples are (i) for m = 4, the nucleotide alphabet is A 4 = {A, C, G, T} and (ii) for m = 20, A 20 is the amino acid set. This generalized designation allows one to have additional sequence residues to be studied, like codons or other functional groups. Let us consider a nucleotide sequence X(n) = GCCAAAAATCAGCTAAT CGC. Now adjoint of A is defined as A(n) = { x = 1 for X(i) = A ; 0 for X(i) 6= A}. Table 1 shows this coding pattern. Table 1 : Adjoint of A in X(n): G C C A A A A A T C A G C T A A T C G C Hence A(n) = 00011111000000000000. Similarly one can define G(n), C(n), T(n). Triplets of nucleotides are called CODONS. Given a genome character string of ATGC, that is a strand, one can obtain codon adjoint by searching for a specific codon and replacing a match by 1 and others by 0s. Four of the 64 codon adjoints obtained from X(n) = G C C A A A A A T C A G C T A A T C G C are shown in table 2. Table 2 : Some adjoints of X(n) This amounts to saying that one can construct 64 triplet codon adjoints for any given genome strand. From these 64 codon adjoints, one can construct a 'character sequence' using the procedure given below.
Procedure for obtaining character sequence
Find all the 64 codon adjoints. Find the sum of each adjoint. Obtain all 64 sum values. This sequence is called 'character sequence' of the strand. The character sequence for X(n) = G C C A A A A A T C A G C T A A T C G C is shown in table 3. (1) (2) All details relevant to this transform could be obtained from standard literature.
Rajan Transform
Assume a sequence x(n) of length N, which is a power of 2. First it is divided into the first half and the second half each consisting of (N/2) points so that the following hold good.
Now each (N/2) point segment is divided into two halves each consisting of N/4 points so that the following hold
This process is continued till the final division. Consider a sequence x(n) = 3, 8, 5, 6, 0, 2, 9, 6. The total number of stages of computation would then be log 2 N = 3. The sum and difference operators are respectively denoted as '+' and '~'. The signal flow graph for computing Rajan Transform (RT) of x(n) of length 8 would be of the form shown in figure 1. Once the character sequence is calculated for a genome sequence, one can evaluate its spectral sequences due to 'Fourier Transform' and 'Rajan Transform', for instance, and the power spectral sequences of the character sequence by applying 'Fourier Transform' and 'Rajan Transform' to its 'auto correlated', or 'auto convolved' sequences. III. POWER SPECTRAL ANALYSIS OF BRUCELLA SUIS 1330 X(n), a part of the Brucella Suis 1330 genome of length 5806 is considered here for a case study. This genome data was retrieved from NCBI web site. TGCCTTTGCA  61  ATTCGTCATT TTTTTTCTGT CACTGCTGAC GAAAGACCCA GCCAGCCGGG CCCAAGTCGT  121  CTGTCTGCCT GAGCCTTGAG TCCAGATCGC AGCAGCCCCT GATGCTCGGC TCCTTTGCCT  181  CCGAGCGTCT TCGGTCCAGC CTCCTGACCT CTGCCCCTTG CTCATCGCCC TCTCTTTCCT  241  GCCCCCTCCC AGGGCACCTC TGTCGGACGC GGCCCACGGA CCTGGTGTTT GTTGTGGACA  301  GCTCGCGCAG CGTGCGGCCA GTGGAGTTTG AGAAGGTGAA GGTGTTCCTG TCCCAGGTCA  361  TCGAGTCCCT GGACGTGGGG CCCAATGCCA CCCGCGTGGG CCTGGTCAAC TACGCCAGCG  421  CCGTGAAGCA GGAGTTCCCG CTGCGGGCCC ACGGCTCCAA GGCCGCGCTG CTGCAGGCCG  481  TGCGCCGCAT CCAGCCACTG TCCACGGGGA CCATGACGGG CCTGGCCATC CAGTTTGCCA  541  TCACCAGGGC CTTCAGTGAA GCCGAGGGCG GTCGCGCCAG GTCCCCCGAC ATCAGCAAGG  601  TGCGTGCCCG CCCTGCTGGG TTCCCGCTGT TTGTCGCTCC CACTTGTGCT AAGAACTCTT  661  GCCGGCACGC TCTTTGGTTC TCCCGCACAC CCCCGCGATG GCCGTTTTAC TTCGGGGACC  721  AGACCCAACT AAGAGAACGA CGGCTGACGC TGGGATCGAA CCCCTCTTTA CCCACCTTCC  781  GACCCCAGGC CTCACAATGG GGTGACGATG ATTTCAGGGT GGTTGACCTT GGCTCCCCCG  841  CCCCGTCTGA GCTCCTCGAA CGCACAGCGA GAGGGTGCAG ATGCTTATGT GATGGTCAGG  901  GGCGTGGACA CTGCCGCCGG CCTGTCCACG TTCAAGCCCC GGCTCCACCA CACCAGCTGT  961  GCCTCCCTGA GCAGGAGCTT CAGCCCGTGC GCCTCAGTTT CCTCACCTAC AAAATGGGAG  1021  CAACACAGCG CCTTCTCAGA GGGCCGCAGG CAGGACTAAA CGAGTTCATC TGCTGAAGGC  1081  GCTCAGCACA GCGCCTCGGA CCCAACAGGC CCCATGGAGG CGTTAGCTGA GTTTGTATTT  1141  AGTACGCCTT TGAGGGGGAG GGGCTCAGAA ACGCAAAGCA ATGCCCCCAA GTCACACTGG  1201  CTGGGGCTCC AGGGGGAGCG TGACTGTTTG CACAGAACTT GCATCCATGG GGCAACGTTT  1261  CAGGACTCAG CCCGGGGCCT GCGAGGCCGG TCAGTGTCCT CTCCCCGCAG GCCTCCCACC  1321  GGCCTGCGCC TCCCTCTCGC AGCCCTCGTG GGCCTGAGGA GTCGCTATTC ATCTGCCCAG  1381  CGCCCCAGCC CAGGGGAGGT ATTCTTTCTT ATCGCCCTCC GCGCCCCACT CTCTGGTAGG  1441  CAGACGTGCC TAACGTGACT GCCACACGGA TAAAACCCTG CTCAGAGGTG GTATCCCCAT  1501  TTTACAGATG AGGAAACAGG CACAGGGAGC TTAAGCAAGT TGCCCAGCTA ATAAGTGGTA  1561  GAAGTGTTCC CACAGATGCT GGCGTATAAT CCCAGGCATT ACAGCCCTCC AAGAAACGAC  1621  CTGTTGGGTA GCCTGCTGGT CTTATTCTGT GGGGACCGTT CACAGGTTCT GACGTGAGGG  1681  TGATGGTTGT GGTGGGCGAG AGAGGAGAGA CCTCCAGCAG GTGACACTGA GGGTCTGGGG  1741  GCGCTGGCTC AGGACATCAG GCGTTTAACC TGGAATTCAG CTGTGGGGCT CCTACCAGGT  1801  GGAGTGAAAG TCCCAAAGCC CGATTGAAGG GGGACAGCAG CGACACATGG GGACTGTGGC  1861  AGCATCTGGC AGTGATGGTC ACCAGCCAGG TTTTTAGTGC CAGGAGCCCA GGCCTTTGGA  1921  GGCGTCCAGG GCAATGATTC TAAACTAGTA GCTGCCCTTC CAGGCTCCCG ACCCTGAGTC  1981  CTCTTAGGAG GACCTGGCCA CCCGCCCTGA TCCAGAGGAG GGAACGGAGG CTCAGGAAGG  2041  GGGTTGTCAC CAGGGAGCTG CATTGCTAAC CCAGGCCCGT CTCAATTGCA GTCACCAAGA  2101  CAAGGGCAGG GACCCAGGAG TCCAAGCTGA CCCAGGTCAGACGCAGAGAGGCAACCAAGG  2161  GGGCTGATCC GAGCCCCAGA TTGGGGCTGA GCTGTGGGGA CCCCAACTTC AGGGCACCCC  2221  AGGGAGGGGA AGGAGGGCCA GGCTCGGCCC CCGCGGTCTT CTTTCTAGGG TTCAGAACAG  2281  AGGAGCCTGT GGGAGGGAGC AGACAGTCTT TCCTCTACGG AAAGGGCATG TAGCATCCCG  2341  CGGAGGGAGG GGGGAAGGCG GCCTCTTCCC CCCAGTGCTT GGGCATCTAT GTGGAACCGC  2401  CCCCTTCCCA AGGCCGAGAC GAAAGGACGT CCAGACTGAA GGCCCAGCCG CTGTTCCTTA  2461  GCCTCCGCCG CCCTCTGGTG GCCACAGGCA GAACTGCACG GCGCTGGGGA CACGGGCTCG  2521  GCTCCGTCCT CGGTGGCCAC GGTCTAAGCG GGGAGACATC CAGAGGCCCC GGTCGGATGT  2581  GTCTTTCTGC CACAGGAAAC CTGTCTCCGC TTCCGCTGGC CAGGTTCTCT TCCCCGGGGC  2641  AGAACACCTG CCACAGACTA GCCGCGTGAC TGGGCAAGCT GCTCTGCCTT CGGGGGCCTC  2701  AGTGTCCCCT TCTGTCCGGG GCCCCGGGCA GGGGCTCCCC GGAGGGCCAA GCGTCCCAGC  2761  CCATTCGGGC AGGATGGCCG GGCCTAACAC GCTCCCCGCG TGTCGCAGGT GGTCATCGTG  2821  GTGACAGACG GGAGGCCCCA GGACAGCGTG CGCGACGTGT CTGCGCGGGC CCGGGCCAGC  2881  GGCATCGAGC TGTTCGCCAT CGCGTGGGCC GCGTGGACAA GCCACGCTGC GGGAGATCGC  2941  CAGCGAGCCG CAGACGAGCA CGTCGACTAC GTGGAGAGCT ACAGCGTCAT CGAGAAGCTG  3001  TCCAAGAAGT TCCAGGAGGC CTTCTGCGGT GCTCGGGGAG GCGGGATGGA CAGGGCAGGG  3061  GCGGGGGCGG GGCTTAGAGA ACGGGGCGGG GCCAGGAAGG GGGCGGGGCC GAGAGTGTCG  3121  GTGTCGGGGC GGGGCCAGGA AGGGGGCGGG ACCACGGCGT GGGCGGGGCC AGTACGTGGG  3181  CGGGGCCGAG AGTGTTGGTG TCGGGGCGGG GCCACGGCGT GGCGGGGCTG AGTCAGTGTC  3241  GGGGCGGGGC CAGGGCTGAG ACACTAAAGG TAAGGGCGGG GCTAGAGCTA GTGGGAGGGG  3301  ACAGCGCTGG AGCCCGGACG GAGTCAATGT TTGGGGCGGG TCCAGGGCTG GGGCGAGGCC  3361  TGGGAGGGGC AGTGGCCTAT ATAGGGCGGG AACTGAGAGA GAGCCAACAT CAGGGGCCCG  3421  TCTAGGGCTG GGGGGCAGGG CCTAAGTGGG TTTGGGCAAA GTTGAAATTT GGGGTCGGAT  3481  TGGGGTAAGA CTAGCGCCGA GGTCGGGACC TGATCCAGGG GCGGGTCCCC AGCCTGGAGG  3541  CTTAAAGAAG CTGGGGAGGG ACGAGCCAAG AGCCGTTTCT ATGTGGTAGG GTCCTGGCAG  3601  GGACGAAGGA GGGTCCCGAA CCCGGTAAGA GGAGGCGTTT GGTCAGGCGT TTGGGCGCCA  3661  GGCTTCTGTG ATGAGGGAGA GGCCGAGAGG CTGGGCACTG GGCAGGAGCA GTTTCAGAGT  3721  CCAGCGCAGA GGGGAGGTGG GCCTGTGAGG GCTCTTTGGG GTGGGACCAG TCAGATGGGG  3781  CGGGGGCCCG AGTAGAGTGG GAGGGGGGAC AGGGCAAGAA CTTTTCCCCA TTTGTAAAAC  3841  GGATCTAAGA AGAGCATGCC TTTTATTGTG AGGGTTCGAT GAAATAATGC ACGGTACAAC  3901  ACTCAACGTG TGGACTGAAC AAATCCTTGC TGAGCGTCTT TTGCGTGCTG TTCATTGCAG  3961  CGTGTGTGCT CTAGCCTCTT GGGGTCCAAC AGGGAACAAG ACAGATTAAA GGTCCTGCTC  4021  CTGTGGGCTG TACCTTTGTA GCGGGAAGTT TCAATTTATC ATCAGCATTG TCACCTTCTT  4081  CAGGGACATA AGCTCTGGTG CAGTGATTTT GGCCTGGGCT GAGGGTCTGG GCCACCTGGC  4141  TGAGACCTCC AAGGCCCTGT GACTGTGAGA TTCTGAGTCT CCTGTCCCTG CAGTGGTGTC  4201  AGACCTGTGT GCCACGGGAG ACCACGACTG TGAGCAAGTG TGCGTCAGCT CCCCCGCCTC  4261  CTACACCTGT GCCTGCCACG AGGGCTTCAC CTTGAACAGT GATGGCAAGA CCTGCAATGG  4321  TCAGTGGGCT GGACACAGGC AAGCCCGGGG TAGGGTGGAG GGGCCGGGTT GGGGCCTCGG  4381  TCACACCCCT GGAAGCCCAT GGGAGCCTCC TTACACTTTG CCTCTGGACC AATCGGCAAA  4441  AACGATAGAC ACCTTGTGGA GTTTGGGGTC TGCAGAAAGT TCTCTTGCAA CTTCTGTGCC  4501  TCTTTTTGTC ACAATGGGTG GTAGGTTTAG TGTGGTGGAA GGAGTCACAC AGTCTTGAGT  4561  TCAAATCTTG ATGCCGCCAC TTCTGGGCTG CGTGACTTAG CCTTTAGGGC TTCAGTTTCC  4621  GATGCTGTAA AATGGGGCCA GGAACTTTGG CTTTATAGGG GGAGTTTTGA GGACAAAATG 4681   GGATGATCCC CGGCACAGAG CTTCGTGTGT GGTGGGTCCC CAGCCTGTGA TCTGGACGGA  4741  TGGCTCTGTC CTTAAGCTTC ATCCTCTCAC CTCCCCACCC TCCCTAGTCT GCAGCGGTGG  4801  TGGTGGCAGT TCAGCCACTG ATCTGGTCTT CCTCATCGAT GGATCCAAGA GTGTGCGGCC  4861  GGAGAACTTT GAGCTGGTGA AGAAGTTCAT CAACCAGATC GTGGATACGC TGGATGTGTC  4921  GGACAAGCTG GCCCAGGTGG GGCTGGTGCA GTACTCGAGC TCCGTGCGCC AGGAGTTCCC  4981  GCTGGGCCGC TTCCACACCA AGAAGGACAT CAAGGCAGCT GTGCGGAACA TGTCCTACAT  5041  GGAGAAGGGC ACCATGACTG GGGCTGCCCT TAAGTACCTC ATCGACAATT CCTTCACTGT  5101  GTCCAGTGGG GCTCGGCCCG GGGCCCAGAA GGTGGGCATC GTCTTCACGG ATGCCGGAGC  5161  CAGGACTACA TTAATGATGC TGCTAAGAAA GCCAAGGACC TTGGTAGGTG CTGCCTGCCT  5221  GGACCCCGGA CACCACTGAT GGCCAGGGGT ACACAGGGTA CAGCCCAACT ATAGCTTGTC  5281  TTAGTGTCTT TTCTAATTTG GCGCCCTAAA CCCAGTGTTC AAATGTGAAG CAGACAGTGA  5341  TGGGGTTCAT GCATCTCTTT CTTATACTGA TGACAAAACC AGGCCCCAGA AGAGTAAGTG  5401  GCTTGTTTTG ATGGTCCTTT TAGGTGGGGC TTGGAACTTT TCCGGTTGAA TGTTCCCAAG  5461  AACACACCAA CTATTGGAAG GCAACCCCAC TTTGGGACAA GCCCGAGCCT CAGTTTTATC  5521  AGCTATCAAG TGGGAATGAT GATGACCACC AGATGGACAG TTAGGAGAGT TGAATGACAT  5581  GACGAAGCTT CCAGTACAGG AAGTTAGCAC AGGTCTGACG TACAGTAGAA TGCTCAGTAA  5641  TTGTTGATGT CCTCAATGTC TTTCTCCCAG GCACTGTGCC TGCGATGCGA GCAGCTGCCA  5701  CCGGGAGGCA TGCCTGGGCA TTCTCCTGGA CGCTCCCCTG GGGCTGCTGG TCCCCATGGG  5761  CACCCTTGTG CATCTTGTTC CTCTTGGCAG GCTTTAAGAT Fig. 7 shows all such Rajan Spectra of the auto correlation of adjoins of X(n). Similarly one can evaluate auto convolutions, cross correlations and Rajan power spectra of the adjoints of X(n). As done in the case of adjoints of X(n), one can implement all the signal processing operations on the codon sequence of X(n). Fig. 8 shows the Fourier spectrum and Rajan spectrum of the codon sequence. Fig. 8 and Fig. 9 it is evident that Rajan spectra of adjoints and Rajan power spectra yield better results and better visualization standards.
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